A study was conducted to determine effects of feeding hay (HAY), sorghum bagasse (SOB) and standard Virginia State University diet for small ruminants (STA) on the physiochemical and fatty acid profile of goat meat. Sixteen Myotonic (Tennessee Stiff Leg) male goats with body weight (BW) of 21.6±3.0 kg were divided into three groups and subjected to one of three dietary treatments for 76 days. At the end of the feeding trial, the animals were harvested and the Longissimus thoracis et lumborum (LTL) muscle samples analyzed to evaluate meat quality. There was no difference (P > 0.05) in initial pH (pH0) measured at 45 min post-harvest and ultimate pH (pHu) measured at 72 h postmortem. HAY and SOB diets did not affect (P > 0.05) water binding capacity (WBC), instrumental meat color (L* (lightness), a* (redness), b* (yellowness), C* (Chroma), and H* (Hue Angle), and tenderness, as measured by Warner-Bratzler shear force (WBSF). Chemical composition and fatty acid profile were also not influenced by the treatments (P > 0.05). The findings of this study support the use of HAY and SOB as supplemental diet during times of feed shortages without impacting major meat quality characteristics in goats.
Introduction
Goat meat (Chevon) is regarded as a lean red meat, with favorable nutritive characteristics (Webb, 2014; Webb, et al., 2005) . The leanness of goat meat can be attributed to the ability of goats to deposit greater quantities of fat internally in the abdominal cavity and less in subcutaneous and intramuscular fat depots (Goetsch et al., 2011) . The low subcutaneous fat cover in goat carcasses exposes it to moisture loss during chilling causing cold shortening resulting in less tender meat (Kannan et al., 2014) . Meat tenderness is also influenced by age. Meat from older goats is recognized to have higher levels of collagen in the muscles, which lowers tenderness (Tshabalala et al., 2003) . Chevon is considered to be leaner than lamb when obtained from animals harvested at a similar age, and it is perceived as being less juicy due to a lower intramuscular fat content (Sheridan et al., 2003b) .
Fatty acid composition of ruminant's meat is generally less affected by dietary lipid composition than that from non-ruminants (Rhee, 1992) . Hydrogenation of dietary lipids by the rumen microbes causes an inequality between dietary FA composition and lean FA composition (Byers & Schelling, 1993) . Fatty acid composition of the diet can alter FA composition of lean meat, with lean of goats on pasture being more saturated than lean of goats fed a grain-based diet. Different levels of concentrate in the diet may influence FA composition of goat meat, potentially modifying the health benefit of this alternative protein source. Meat from goats has fewer calories, a lower fat content and a reduced proportion of saturated fatty acids compared to lamb meat and beef (Babiker et al., 1990; Abubakr et al., 2015; Silva et al., 2016) . Therefore, consumers consider goat meat as healthy (USDA, 1990; Parodi, 2016) , and its consumption has been increasing. While a great deal has been done to measure and quantify the physical and chemical meat quality attributes of domestic livestock species (Devine et al., 2006; Kim et al., 2010; Muchenje et al., 2009) , there is limited work on the effects of feeding sorghum bagasse based diet on these attributes on goat meat quality. The aim of this study was thus to evaluate the instrumental meat quality and chemical composition including fatty acid profile of meat from goats fed on concentrate, hay and agricultural byproduct based diets.
Materials and Methods

Location
The study was carried out in Virginia State University small ruminant research facility at Randolph Farm. The protocol for the experiment was approved by the Virginia State University Animal Care and Use Committee. All experimental animals received standard management practices approved by the University.
Animal, Feeds and Management
Sixteen Myotonic intact male goats similar in age and with an average initial body weight (BW) of 21.6±3.0 kg were selected from the VSU Small Ruminant Research herd and used in the study that lasted 75 days. The animals were assigned to individual indoor feeding pens (8' × 10') with cement flooring covered with sawdust. The pens were equipped with nipple waterers and portable feed bunks and trace mineral salt blocks were available at all times. The selected goats were acclimatized for three weeks to the indoor facility and the experimental feed (Table 1) .
The three diets fed consisted of Virginia State University Standard diet (STA) for sheep and goats, and the second and third diets where half the standard diet is replaced by local hay (HAY) and sorghum bagasse (SOB). The Ingredient composition of the experimental diets is shown in Table 1 . Note. STA = Standard VSU Diet; HAY = Local Hay; SOB = Sorghum bagasse.
Slaughter and Post-slaughter Procedure
At the end of the experiment, four goats from each treatment were randomly selected for slaughter after being fasted overnight. The selected goats were transported to a commercial abattoir and humanely harvested using standard procedures. Goats were electrically stunned before exsanguinated, and dressed according to industry-accepted procedures. After measurements on hot carcass, it was chilled overnight at 4 ºC and cold carcass weight determined the next morning. The carcasses were split in two through the middle of the vertebrate into left and right halves. The LTL muscle from the left side of the carcass was sampled for instrumental meat quality analysis. Sample were also collected from the LTL muscle for use in estimating body composition. All visible cover fat was separated from the meat surface, wrapped in aluminum foil and stored frozen at -20 ºC for chemical composition and fatty acid profile analyses.
Meat pH
The initial pH (pH0) was measured within the first 45 min of slaughtering warm carcass, by inserting into the meat a temperature compensated combination glass calomel electrode connected to a portable pH-meter (Oakton pH 700 with probes and NIST calibration). The ultimate pH (pHu) was determined 72 h postmortem on ground and minced LTL muscle sample during determination of water binding capacity using Coning table top pH meter (Corning Inc. NY). The pH meter was calibrated at the beginning using pH4.6 and 7.0 buffers.
Water Binding Capacity
Water binding capacity of meat was determined using the method of Wardlaw, et al. (1973) with slight modification. The meat sample (30 g) was finely minced, 45 ml of de ionized water added to it and the content mixed using magnetic stirrer for 2 minutes. Meat slurry was held for 15 minutes at 4 ºC to equilibrate and again shaken for one minute on the mechanical shaker and centrifuged for 15 minutes at 5000 rpm in refrigerated centrifuge at 4 ºC. The supernatant volume was measured and the difference between the added and decanted solution was expressed as percent of initial weight (30 gm) of the meat samples as measurement of water holding capacity.
Tenderness (Warner-Bratzler Shear Force)
The shear force was determined on LTL muscle samples measured using a Warner-Bratzler Shearing instrument (TA.XT-plus Texture Analyzer) that measured the shear force with a Meullenet-Owens Razor Shear (MORS) blade. The longitudinal axis of the core was parallel to the direction of the muscle fibers to ensure the sample cores were sheared at right angles to the fiber axis.
Meat Color
The LTL muscle color measures were recorded 72 h post-mortem on a freshly cut surface of the LTL muscle. Each sample was allowed to bloom for 45 min before color was measured using a Chroma meter, (CR-400/410) following the CIE (CIE, 1978) system which measures L*, a*, b* values. L*, the index related to lightness (L* = 0 black, 100 white); a* (redness), the index ranging from green (−) to red (+); and b*(yellowness), the index ranging from blue (−) to yellow (+). Additional reflectance indices, Hue angle H*, a measurement where a vector radiates into the red-yellow quadrant, and the color saturation index Chroma C*, were calculated according to the formulas: Chroma = (a* 2 + b* 2 ) 0.5 and Hue Angle = tan -1 *(b*/a*).
Chemical Composition
Samples of LTL muscle were subjected to proximate analyses following the standard methods of AOAC (2002). Dry matter (DM) was determined by oven drying in a forced air oven at 105 ºC for 24 h. The N content of LTL muscle was determined using a combustion method with Vario Max CN (Elementar Americas, Inc., Mt. Laurel, NJ, USA) and was calculated by multiplying nitrogen concentration by a conversion factor of 6.25, while ether extract (EE) was determined in petroleum ether using a Soxhlet apparatus. The ash content was determined by ashing the samples in a muffle furnace at 600 ºC for 5 h. All proximate analyses were done on triplicate LTL muscle samples.
Fatty Acid Profile
To determine the fatty acid profile in LTL muscle, lipid samples previously extracted from the LTL were converted to fatty acid methyl esters (FAME). The oil was extracted in three rounds from 1 g ground freeze dried goat meat at room temperature by homogenization and centrifugation. The three extractions were pooled. The lipid layer was separated via the standard hexane: methanol method. Percent oil was calculated on a g/100 g dry matter basis, vacuum dried and stored under N 2 at -10 ºC until further analysis.
The FAME preparation and analysis was conducted according to a previously published method (Bhardwaj & Hamama, 2012) . In brief, samples were vortexed with a 2 ml 1/100 sulfuric acid methanol mixture with teflon derived boiling chips. Samples were then heated at 90 ºC until 0.5 ml residue was evident and allowed to cool to room temperature, to which 1 ml of hexane and distilled water was sequentially added. After vortexing, the upper hexane layer (FAME) was dried over anhydrous sodium sulfate. The hexane phase containing FAME was stored under N 2 at 0 ºC and analyzed by gas chromatography (Vista 6000 GC). Peaks were identified using jas.ccsenet.org
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Statistical Analysis
The data were subjected to one-way analysis of variance using the GLM procedure of SAS (SAS, 2013) and the differences between means were compared using Duncan multiple range test, with significant differences being declared at P < 0.05.
Results
Meat pH, Water Binding Capacity and Shear Force
The initial pH (pH0) on warm carcass and ultimate pHu 24 h after harvest for the LTL muscle of goats on the three dietary treatments are shown in Table 2 . There was no significant difference (P > 0.05) in pH0 of the LTL muscle from goats fed on the three diets. The lowest pHu of LTL was noted in goats fed the SOB diet. Water binding capacity of the LTL muscle of goats on the three diets is shown in Table 2 . There was no significant difference (P > 0.05) in WBC of the LTL muscle from goats fed the three experimental diets.
Tenderness is a component of meat quality that sways consumers' eating satisfaction. It is inversely related to the Warner-Bratzler shear force. The WBSF results are shown in Table 2 . The WBSF values for the LTL muscle from goats fed the HAY and SOB diets were similar whereas the WBSF of LTL from goats on STA diet showed lower (P < 0.05) shear force values compared to goats on the other two diets.
Meat Color
Meat color of the LTL muscle of goats fed the three diets is shown in Table 3 . Dietary source showed significant effect (P < 0.05) for the color coordinates lightness (L*), redness (a*), yellowness (b*), and Chroma (C*) values. The Hue Angle (H*) was not different (P > 0.05) among the LTL muscle of goats on the three diets. Note. L* = Lightness; a* = redness; b* = yellowness; C* = Chroma; H* = Hue Angle; STA = Standard diet; HAY = hay based diet; SOB = sorghum bagasse based diet. a, b, Means in the same row with different superscripts are significantly different (P < 0.05).
Meat Proximate Composition and Fatty Acid Profile
The proximate composition analyses of LTL is shown in Table 4 . The LTL samples did not differ (P > 0.05) in DM, OM, CP, and ash contents (Table 4 ). The fat content of the meat of goats on SOB diet, however, was lower (P < 0.05) than those on STA and HAY diets. Note. DM = Dry matter; OM = Organic matter; STA = Standard diet; HAY = hay based diet; SOB = sorghum bagasse based diet. a, b, Means in the same row with different superscripts are significantly different (P < 0.05). Table 5 shows fatty acid profiles of goat LTL muscle fed the experimental diets. The major fatty acids in LTL samples were C16:0, C18:0, C18:1, and C18:2. The composition of fatty acids (g/100 g fat) in the LTL did not change (P > 0.05; Table 5 ) the saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), and all polyunsaturated fatty acids (PUFAs) except C20:4 and C20:5. The sum the saturated fatty acid (ΣSFA), mono unsaturated fatty acid (ΣMUFA), and poly unsaturated fatty acid (ΣPUFA) of the LTL muscle did not change with the diet (P > 0.05). However, there were decreasing trends in C10:0 (P = 0.078), C22:0 (P = 0.058) and C18:2 n-6 (P = 0.090) and an increasing trend in MUFA C16:1 (P = 0.074). Note. STA = Standard diet; HAY = hay based diet; SOB = sorghum bagasse based diet; ΣSFA = Total saturated fatty acid; ΣMUFA = Total mono unsaturated fatty acid; ΣPUFA = Total poly unsaturated fatty acid.
Discussion
Ultimate pH of meat is responsive to muscle glycogen stores at slaughter and to the cooling rate of meat (Geay et al., 2001 ). The pHu is important to meat due to its effect on shelf life, color and quality of meat. As expected the pHu values measured 72 h postmortem were lower than the pH0 values. In the present study, pHu for LTL from STA (5.75) diet was similar (P > 0.05) to the other two diet (HAY = 5.59 and SOB = 5.43) groups. The pHu did not change because all animals were subjected to the same period of pre-slaughter fasting (a determining factor in the concentration of glycogen stores) and the same post slaughter procedures (Pereira et al., 2016; Silva et al., 2016) .
Water binding/holding values and chemical composition from raw and cooked meat are not the same. The values from raw meat enable to predict the management situation of animal till slaughtering whereas values from cooking of meat are used to achieve a palatable and safe product. There was no effect of WBC (%) on LTL of goats on the three diets (STA = 22.15; HAY = 22.08; and SOB = 22.79) . There was no difference in pHu which may also explain the lack of difference in WBC.
The first assessment of quality of red meat by consumers is based on its color. Meat color is linked to both perception and real values (Holman et al., 2015) . In the present study significant differences were found in the CIE L*(lightness), a* (redness) and b* (yellowness) values of the LTL from goats fed on the three experimental diets. The visual appearance of fresh meat is based on color, and water-holding capacity (Anderson et al., 2005) . Changes in meat color are closely associated with lipid and pigment oxidation, as well as with microbial load (Granti et al., 2001) . The pale appearance (higher L*) seen in the LTL muscle from goats on HAY and SOB diets could be attributed to the effect of high pHu values. Muscles from the animals on the STA diet were also expected to have a pale appearance but this was however not the case. The a* (redness) value of the LTL in goats fed the STA diets was lower (P < 0.05) than that from the HAY and SOB fed goats. The difference in Chroma (C*) values for the muscles of all groups can be attributed to the electrical stunning. The passage of electricity through muscles in the form of electrical stimulation predisposes them to earlier discoloration (Ledward, 2006; van Laack & Smulders, 1990; Wiklund et al., 2001 ).
Warner-Bratzler shear force is inversely related to tenderness. In this study, WBSF (kgf/cm 2 ) or tenderness of LTL muscle of goats fed the HAY (2.15) and SOB (2.43) diets was less tender than that of the STA diet (2.06). Shear force values of LTL of goats below 4 kgf/cm 2 is classified as tender (Perry et al., 2001; Geesink et al., 2011) . In this regard, LTL muscles from the goats on the experimental diets in this study can generally be classified as being tender as all values were well below 4 kgf/cm 2 . Bond et al. (2004) reported that stress before slaughter has no significant effect on shear force values although shear force values tend to decrease with ageing. Similarly, Vergara et al. (2005) found no significant difference between the shear force of electrically stunned and non-stunned lambs after being aged for 7 days. Similar results have been reported previously (Vergara et al., 2000; Linares et al., 2008) . The low shear force values obtained could principally be due to the effect of the young age of the goats.
Meat chemical analyses revealed no significant effect on moisture, protein and ash content, in the proximate composition analyses of LTL of goats fed the three diets. Fat content of LTL was however lower in the group of goats fed on SOB (3.85%) compared to those on STA (8.41%) and HAY (6.33%) diets. In general, proximate composition of muscle in ruminant animals is influenced by diet and breed, as well as age and gender (Wood et al., 2003) . Development of muscle depends on nutrient composition and utilization; therefore, the energy contents of the diet might partially explain the difference in chemical composition of muscle (Wood et al., 2003) . In the present study, meat goats were offered very similar diet. Kannan et al. (2006) reported that meat parameters are influenced by dietary protein and available energy levels. The diets in this study appear to provide high levels of available protein which would have minimized any differences in meat proximate analyses.
The 16:0, 18:0, 18:1 and 18:2 were primary the FA comprising 78.5% of the total FA in LTL (Table 7) . Webb et al. (2005) reported similar FAs constituted the primary FA in longissimus muscle tissue. Fraser et al. (2004) reported that 18:1, 16:0 and 18:0 were the majority of FA in LTL muscle. Oleic acid (18:1 cis-9) and 18:0 were reported (Rhee et al., 2000) as the major constituent of Inter muscular (IMF) in goats. The majority FA in MUFA included 16:1 (palmitoleic) and 18:1, while the majority FA in PUFA were 18:2, 18:3 (linoleic), and 20:4 (arachidonic). Solaiman et al. (2011) reported that 18:1, 16:0, and 18:0 were the prominent FA in LTL muscle. In Boer goat, major FA in SFA were 16:0 and 18:0; levels were similar to the present study. These authors also reported that as carcass weight increased, 14:0 content tended to increase; 16:1 and heptadecenoic acids (both MUFA) were not affected. Kosulwat et al. (2003) reported that as lamb carcass fatness increased, the proportion of 14:0 increased and 18:0 decreased. No differences in 14:0, 14:1 and 18:0 were observed when goats were fed the experimental diets STA, HAY or SOB. The LTL from the HAY and SOB fed goats had higher C20:4 compared to those fed on STA diet.
Conclusions
The inclusion of HAY and SOB in the diet of meat goats neither altered the physicochemical composition of goat meat, nor increased the content of an undesirable saturated fatty acids. Based on this global evaluation, the level of inclusion of HAY and SOB as a maintenance diet during feed shortage is recommended, as there were no negative effects and the dietary cost would be expected to be lower at this inclusion level of hay and sorghum bagasse. Overall, the fatty acid profile is not adversely affected. The goat meat derived from these diets could be acceptable low-fat, red meat option with high desirable fatty acids.
